The reactions of 2,3-dihydro-2-methylene-1,3,3-trimethyl-1H-indole (Fischer's base) with nitroolefins and alkoxy-nitro-olefins have been examined. Formation of the corresponding Michaeltype adducts has been observed in all cases with the exception of 2-nitropropene for which the spiro-1,2-oxazine N-oxide derivative could be isolated. The Michael-type adducts derived from alkoxy-nitro-olefins underwent a rapid elimination reaction resulting in the eventual formal nitro-olefination of the Fischer's base. The geometry of the products has been determined by means of DIFNOE experiments and their UV properties have been examined.
Introduction
At the beginning of the 1960s, the pioneering work of Stork and his coworkers on enamine chemistry opened the way to an impressive amount of work in this field.
1 Several reviews, 2 books, 3 and a few volumes of the series of The Chemistry of Functional Groups 4 have been devoted to the chemistry of enamines. Special classes of substituted enamines have also been reviewed.
with the exception of tetracyanoethene (TCNE), 15 whose reactivity with Fischer's base has been studied in detail. Among the electrophilic olefins, nitro-olefins occupy a special position. Owing to the continuing interest in nitro-aliphatic compounds, 16 and our particular interest in the reactivity of nitro-olefins towards enamine systems, 17 we have investigated Fischer's base as the nucleophilic counterpart of conjugated nitro-olefins and nitrovinyl ethers. One of our aims was to look for the possible formation of 1,2-oxazine N-oxide derivatives, 18 whose formation in the reactions of nitro-olefins with enamines from aldehydes and ketones is well known.
17,19

Results and Discussion
The electrophiles used in this study are listed in Figure 1 . The nitro-olefins 2a,b and 3 and the nitrovinyl ethers 4a,c and 5 are known, while 4b was prepared by a literature method used for the synthesis of 4a. 20 All of them are in the E-configuration. For 4b this was proved by means of difference NOE experiments: irradiation of the methyl group caused enhancement (4%) of the methylene quartet of the ethoxy group. 
Reactions with the nitro-olefins
The reaction between the Fischer's base 1 and the nitro-olefins 2a,b and 3 ( Figure 2 ) have been carried out in ether, under argon at temperatures ranging from -15°C to -5°C. The reaction with nitroethylene 2a was carried out in the presence of hydroquinone to minimize the polymerization of the olefin which was otherwise rapid even below -20°C. The reaction products were the corresponding Michael-type adducts, namely 7a,b starting from the linear nitro-olefins 2a,b and a mixture of cis-and trans-diastereomers 8 and 9, respectively, starting from the cyclic nitro-olefin 3. 
Figure 2
All compounds were characterized spectroscopically by means of 1 H-1 H-and 1 H- 13 C-2D experiments. Compounds 7a,b are in the E-configuration, as proved by difference NOE experiments, whose results are summarized in Table 1 . Only in one case, namely when the nitro-olefin was 2-nitropropene 2b, could the corresponding spiro-oxazine N-oxide 6b be isolated, since it precipitated from the ethereal solution. While in the solid state it was rather stable and could be stored at -20°C for long periods, in chloroform solution it underwent nucleophilic ring fission to the corresponding openchain product 7b.
The opening of the heterocycle 6b into 7b was followed by monitoring the reaction by IR and 1 H-NMR spectroscopies. owing to the stretching of the conjugated carbon-carbon double bond, and to the asymmetric NO 2 stretching band respectively. The 1 H-NMR spectrum recorded at -20°C, showed no vinyl proton signal and no nitromethine proton signal, a result which is consistent with the spirostructure assigned. The signals of the vinyl and nitromethine protons appeared slowly, even at -20°C, the opening reaction being surely catalyzed by traces of acid present in the deuteriated chloroform used as solvent. Opening of 6b was complete within a few hours and the Michaeltype adduct 7b was isolated as a single diastereomer. From the reaction of 1-nitrocyclohexene, 3, with Fischer's base, 1, two diastereomeric Michael-type adducts were identified, namely 8 and 9, differing in the orientation of the nitro group. The geometry of the double bond was E-in both cases, as shown by difference NOE measurements. The stereochemical assignment relative to the stereo-centers was possible since the axial-and equatorial-orientations of the nitro group were easily recognizable from the position and pattern of the relative nitromethine proton signals. In fact, in the cis-isomer 8 the equatorial nitromethine proton resonated at lower field than the same proton in the trans-isomer 9 (4.72 ppm vs. 4.45 ppm). The two signals also exhibited different values of W H , namely 12 Hz for 8 and 26 Hz for 9 (actually this latter signal was resolved into a doublet of double doublets, ddd, J 1 = 11.9 Hz, J 2 = 9.5 Hz, J 3 = 4.0 Hz) , values which are in accordance with equatorial and axial orientations, respectively, of the nitromethine protons.
The foregoing attribution was further confirmed by an analysis of the corresponding 13 C NMR spectra. In the cis-isomer, 8, the carbocyclic carbon signals were upfield with respect to those of the trans-isomer 9, thus demonstrating the presence of steric interactions in the former compound bearing the nitro group in the axial orientation. On standing, the cis-diastereomer 8 was converted into the more stable trans-9. The eventual composition was 4:1 in favor of 9.
Since the cis-compound was the kinetically formed product, its formation was helpful in determining the reaction mechanism, as will be discussed later. 
Reactions with the nitrovinyl ethers
The reactions between Fischer's base and the nitrovinyl ethers 4a-c and 5 followed the same pathway as above, namely that the corresponding Michael-type adducts 10a-c and 11,12 were the first-formed products ( Figure 3 ). However, only compounds 10a, 11 and 12 were isolated, whereas 10b and 10c converted easily into the corresponding nitrodiene derivatives 13b,c by loss of ethanol.
The cis-and trans-diastereomers 11 and 12, obtained from the reaction with 3-nitro-5,6-dihydro-4H-pyran, 5, could be differentiated in the same manner as discussed above for the analogous compounds 8 and 9 bearing the carbocyclic six-membered ring. The equatorial nitromethine proton in 11 (W H 12 Hz) resonated at lower field than the analogous axial proton in Section). It seems important to stress the easy formation of the open-chain derivative 14, occurring without catalyst being added. Evidently the formation of a conjugated nitrodiene is such a strong driving force that opening of a tetrahydropyran ring is fully counterbalanced.
Of the nitrodiene derivatives, 13a, 13b and 14 were in the E,E-configuration, as established by DIFNOE measurements (Table 1) and by an analysis of the vicinal coupling constants between H-1´ and H-2´ and between H-2´ and H-3´ in 13a. Compound 13c was a 3:2 mixture of E,E-: E,Z-diastereomers, the conjugation of the ethoxycarbonyl group with the carbon-carbon double bonds being in competition with that of the nitro group. No assignment was made, although it seems reasonable that the E,E-form could slightly prevail in the mixture, owing to the stronger electron-withdrawing power of the nitro group. 
Figure 3
Compounds 13a and 13b were crystalline, with high melting points, while 13c, which was an isomeric mixture, and 14 were sticky oils.
All the nitrodiene derivatives have an intense orange-red color. Their electronic spectra, recorded in three different solvents, are characterized by the presence of many intense absorption bands whose positions and intensities are listed in Table 2 . The position of band 4 is particularly affected by solvent polarity. Band 2, which is present in the spectrum of 13c in all solvents, might be attributed to the chromophore -CO 2 Et, conjugated with the diene system. For the other derivatives the band at the same wavelength is visible only in cyclohexane. 
Mechanism of the reactions
The isolation of the products in the reactions of the cyclic electrophiles 3 and 5 with Fischer's base, under kinetically controlled conditions, allows a mechanism to be postulated. In accordance with the topological rule of Seebach and Golinski, 21 although the enamine β-carbon atom is not prochiral, the approach of the reactants is likely to occur as depicted in Figure 4 . The resulting zwitterion intermediate 15 in its chair-chair conformation, 15´ would abstract either diastereomeric proton generating the carbon-carbon double bond in the E-configuration. Then the nitronic acid carbon atom in 16 would be protonated from the less hindered side of the ring, giving rise to the cis-diastereoisomer 8 (or 11) having the nitro group in the axial orientation. 
Conclusions
The reactions between Fischer's base and the nitro-olefins and, maybe more interestingly, with the nitrovinyl ethers, give the corresponding Michael-type adducts as oily products which present some curious physical properties, such as that of climbing up the walls of glass vessels by forming strongly adherent films. However, the simple nitroalkylated compounds are not very stable. When left in the air for some period they decompose, probably under the action of oxygen, as happens with the Fischer's base itself, which is easily oxidized to the corresponding oxindole derivative. 22 In only one case was the desired spiro compound formed and this is probably related to the type and steric demand of the substituents at the electrophilic double bond. In contrast, the nitrodiene derivatives proved very stable, and could be stored for months in the air without any modification in their structure.
Experimental Section
General Procedures. Melting points were determined with a Büchi 510 apparatus and are uncorrected. Column chromatography was performed on silica gel (Merck 60, 70-230 mesh). TLC was performed on Polygram ® Sil G/UV 254 silica gel pre-coated plastic sheets (eluent: light petroleum-ethyl acetate). NMR spectra were recorded on a Jeol 400 (9.4 Tesla, 400. 
(q).
General procedure for the reactions between Fischer's base and nitro-olefins
To a solution of Fischer's base (0.173 g, 1.0 mmol) in diethyl ether (2 mL) the appropriate nitroolefin (1.0 mmol) in the same solvent (1 mL) was slowly added, keeping the temperature between -15°C and -5°C (the reaction with nitro-ethene 2a was carried out in the presence of hydroquinone (1 eq.) to prevent polymerization of the nitro-olefin. The reaction mixture was kept in the refrigerator for 12 h. In the reaction of compound 1 with 2-nitropropene 2b, the spiro [1, 2] oxazine N-oxide 4b precipitated from the ethereal solution, and was filtered off. In the other cases the resulting products 7a and 8, 9 were purified by flash chromatography (eluent, light petroleum-ethyl acetate, 95%). The products 13a,b,c and 14 were formed from their respective parent compounds 10a-c and 11, 12 at room temperature without addition of any catalyst. The products were purified by flash chromatography (eluent, light petroleum-ethyl acetate, gradient). (6), 175 (56), 160 (100), 132 (18) , 117 (12), 84 (14) , 77 (10) . 2,3-Dihydro-2-[(3-nitro)propylidene]-1,3,3-trimethyl-1H-indole (7a) . IR, 1650 , 1554 , 1366 , 1600 , 1495 (CDCl 3 ) 7.12 (1 H, t, H-6), 7.04 (1 H, d, H-4), 6.74 (1 H, t, H-5 Compound 8. NMR, δ H (CDCl 3 ) 7.08 (1 H, t, H-6), 7.01 (1 H, d, H-4), 6.71 (1 H, t, H-5), 6.45 (1 H, d, H-7) Compound 9. IR, 3052, 3028, 1658 IR, 3052, 3028, , 1606 IR, 3052, 3028, , 1546 IR, 3052, 3028, , 1496 IR, 3052, 3028, , 1372 . NMR, δ H (CDCl 3 ) 7.07 (1 H, t, H-6), 7.01 (1 H, d, H-4), 6.70 (1 H, t, H-5), 6.43 (1 H, d, H-7) , 4.25 (1H, ddd, J 1 = 11.7 Hz, J 2 = 10.6 Hz, J 3 = 3.7 Hz, W H = 27.5 Hz, CHNO 2 ), 4.05 (1H, d, J = 10.6 Hz, 2), 145.9 (s, C-7a) , 138.0 (s, C-3a) , 127.7 (d, C-6), 121.3 (d, C-4), 118.0 (d, C-5), 104.7 (d, C- 2,3-Dihydro-2-[(2-ethoxy-3-nitro)propylidene]-1,3,3-trimethyl-1H-indole (10a) . IR, 3066, 3034, 1642 IR, 3066, 3034, , 1630 IR, 3066, 3034, , 1500 IR, 3066, 3034, , 1125 IR, 1577 IR, , 1561 IR, , 1460 IR, , 1376 IR, , 1276 (11), 132 (16), 117 (11) , 91 (7), 77 (8).
Spiro[1,3-dihydro-1,3,3-trimethyl-2H-indole-2,6´-(5´,6´-dihydro-3´-methyl-4´H-[1,2]oxazine 2´-oxide] (6b
